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Purpose: 

Production of conditioned filter salts with titanium contents of 3-20% relating to iron for 
examination in cements (background: patent). 

Examination of the influence of the Ti02 contents in the filter salt on chromate reduction. 
Brief description : 

A waste acid from the production is defined by the addition of FeS04 x 7H2O (copperas) 
or TiOS04 solution to various Ti/Fe ratios. 

Filter salt is crystallized from these waste acids by means of concentration in a rotary 
evaporator. 

Subsequently, a partial neutralization (target: --pH 4.0) of the adhering residual acid is 

carried out by mixing with limestone powder. 

The preparations are used for technological examinations of concrete. 



EXHIBIT 5 
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Conclusion: 

The target values of the Ti/Fe ratios of 3/8/9.1/12/17/20% could be met approximately in 
the filter salt preparations. 

In the end, 3.9/8.3/9.3/11.7/16.0/16.9% Ti/Fe were found, and therefore the highest Ti 
concentration was missed relatively clearly. 

With increasing titanium content, the filter salt exhibited increased sulphuric acid 
contents (increasing from 15.8% to 23.0%). 

The salts were processed further and partially neutralized by dry mixing with limestone 
powder, with the amount of said limestone powder addition increasing with the 
increasing acid content of the filter salt from a mass ratio of 1:0.20 (filter salt / limestone 
powder) to 1:0.30. 

After storing for >4 days, DIN pH ranges from 1.9-2.2 (after 1 min stirring) and 4.2-4.6 
(after three h stirring) were determined. 

Educts: 

waste acid of 3 1 August 20 1 0 

copperas from the production: average sample August 2010 (18.39% Fe) 
titanyl sulfate solution from the production of 31 August 2010 (8.84% 

Ti02) 

Wuelfrath limestone powder 1 0/90 



Analysis Waste Acid: 



TiOz 


FeS04 


H2SO4 


Ti/Fe 


Al 


Ba 


Ca 


Cr 


Na 


Mg 


Mn 


Mn/Fe 


Density 


photom. 




free 




















60°C 


[%] 


[%] 


[%] 


[%] 


[g/1] 


[mg/1] 


[mg/1] 


[mg/1] 


[mg/1] 


[g/1] 


[mg/1] 


[%1 


[g/ml] 


0.43 


7.75 


18.53 


9.1 


2.6 


0.16 


220 


290 


650 


5.5 


730 


2.0 


1.256 



Preparations: In order to produce >400g of partially neutralized filter salt sample 
amounts with different Ti02 contents, 2 crystallization trials with 
---l .5kg starting solution (3 1 flask) are necessary for each preparation: 
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Test 


Ti/Fe 


Provided 


Addition amount 


Addition 




(target) 


amount 


copperas 


amount TiOS04 






waste acid 




solution 




r%i 


rei 


ffil 




A1+A2 


3 


1500 


469.1 


0 


B1+B2 


8 


1500 


30.6 


0 


CHC2 


as is 


1500 


0 


0 


D1+D2 


12 


1500 


0 


23.7 


EI+E2 


17 


1564.1 


0 


64.1 


F1+F2 


20 


1500 


0 


88.2 



Processing: An oil bath tempered to 90°C is used, with the concentration being carried 
out in one step (by a pressure reduction as steady as possible over a 
duration of approximately 4h to up to -Imbar) and, subsequently, the 
crystal slurry being further agitated over night at 60°C (without pressure 
with 50 rpm at the rotavapor). 

Subsequent filtration via jacket-heated pressure filter (60°C) (filter cloth: 
Markert PPD3124). 



Test 


Total time 


Total 


Amount of 


Weight 


Weight 


Weight 


Total amount 




amount 


evaporated 


thickened 


filter salt 


pre- 


[filter salt + 






used 


water 


sludge 




concentrated 


pre- 






(including 








acid 


concentrated 






TiOS04) 










acid] 




fhoursl 












- Ifil 


Ai 


1 4:36 


1969.1 


B84.8 


1069.8 


i 574,4 


438,8 


1008,2 


A2 t 4:09 


1969.1 


833.9 


. 1094.5 


i 556.7 i 


461.4 


1018.1 




1 B:45 




174$ J 




i 1131,i ! 


900,2 




F A3 


] 2:45 


236.2 


-236,2 


:• 119.5 






11;30 


3938,2 


1&84,9 


1928,1 


' 1011,6 


462,5 


1474,1 


B1 


4:54 


' 1530.B 


886,6 


636.7 


250.9 j 


33G.8 


591.7 


B2 


4:23 


1530.6 


898.5 


627.0 


245,9 ! 


337,5 


583.4 


Bgcs 


S:17 


30S1,2 


1785,D 


1263,7 


506.8 


663,3 


1175,1 


C1 


4:55 


1500 


833.6 


654,8 


225.0 1 


395.3 


620,3 


C2 


i 4:50 


' 1500 


907.2 


590,1 


i 236.3 


320,6 


555,9 


Goes 


i 9:45 


, 3000 


17403 


1244,9 


i 460,3 i 


715,9 


1176,2 


D1 


i 4:40 


• 1523,7 


867,2 


626.8 


1 233.4 i 


361,7 


595.1 


D2 


• 4:50 


1523,7 


892,5 


627,1 


! 237.4 


365,6 


603,0 




S:30 


3047,4 


177S.7 


1253,5 


\ 470,6 


727,3 


11.98,1 


E1 


6:15 


1628.2 i 


915,6 


707.5 


248.7 j 


427,9 


676.6 


E2 


6:16 


1628.2 \ 


936,3 


694.1 


242,6 i 


415,3 I 


657.9 




12:30 


3256.4 1 


. 1851,4 


1401,6 


491,3 i 


643,2 1 


1334,5 


F1 


5:21 


1588,2 i 


972,6 


609.2 


23S.S I 


331.8 i 


558,6 


F2 


4:28 


1586,2 1 


961.1 


622,4 


234.9 i 


353,5 1 


588,4 




9:4B 


. 3176,4 i 


1933.7 


1231.6 




685,3 ! 


1157,0 



ges ~ total 
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Analysis: After homogenization of the respective 2 preparations, these were 
subsequently analyzed. 



Pre-Concentrated Acid: 



No, 


Density 


Ti02 
photom. 


FeS04 


H2SO4 
free 




[g/mll 


r%i 


[%1 


r%i 


A 


1.637 


0.02 


0.05 


65.48 


B 


1.636 


0.04 


0.17 


63.62 


C 


1.624 


0.07 


0.44 


62.19 


D 


1.632 


0.12 


0.53 


61.92 


E 


1.591 


0.18 


0.76 


57.88 


F 


1.720 


0,65 


1.12 


64.67 



Filter Salt: Homogenization of the preparations 1+2 of each test 



! Nr. 


TIO2 


FeS04 


[ HsSO* 


Tf/re 


Al 


Ba 


' Ca 


Cr 


Na 


Mg 


Mn 


; Mn/fe \ 


i 


photom. 




frei 




















[%] 


\%] 


' r%i 


f%)- 




[mg/kpl 




[mp/kql 








■-TO' : 


A 


1,32 


64,59 


15.84 


3.9 


2,8 


0,7 


410 


380 


1,1 


8,7 


2,2 


U.i;i;^ 1 


B 


2,35 


46.1C 


18.49 


8.3 


2.9 


0,8 


890 


720 


1.3 


16.6 


3.6 


1 . 2.1 ' ! 


i c 


2,6S 


46.62 


20,13 


9.3 


2,9 


0.8 


870 


730 


1,3 


16,2 


3,9 


» '^.2,3 - 


; D 


3,2c 


45.12 


20.80 


11.7 


3.1 


0.& 


870 


740 


1,4 


16,2 


3.8 


2,3. ' 


1 B 


4.63 


47,22 


19.56 


16.0 


2.7 


1,0 


910 


710 


1,5 


14.8 


3,6 




i F 


4,51 


43,49 


22.96 


16,9 


3.2 


0,9 


300 


650 


1.6 


14,7 i 


S,3 





frei = free 



Preliminary Test Regarding the Partial Neutralization of the Filter Salts: 

3,0g each of the filter salt mixtures were dissolved in 27.0g of deionized water (= DIN 

pH), and Wuelfrath limestone powder 10/90 was added until a final pH value of --4.0 was 

reached. 



No. 


DIN 
pH 


Limestone 
powder 
ffil 


Final 
pH 


A 


0.95 


0.62 


4.22 


B 


1.04 


0.72 


4.04 


C 


0.84 


0.79 


4.09 


D 


0.94 


0.77 


3.99 


E 


0.93 


0.75 


4.02 


F 


0.80 


0.89 


4.02 
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Partial Neutralization: 

400g filter salt each are provided in the Krups-3-Mix, and x g of Wuelfrath limestone 
powder 10/90 were added and this was kneaded for 5 minutes. The mixtures are 
transferred into a poly beaker and stored (lid resting loosely on the beaker because of CO2 
generation). 

After approx. 2d, the pH of the mixtures is measured (if there are large variations, it has 
to be corrected, if necessary, by admixture of filter salt or limestone powder). 



No. 


Amount filter salt 


Amount limestone 


Mass ratio filter 


DINph 


DINph 






powder 


salt/limestone 


after 2 min 


after 30 




fgi 


[gl 


powder 




min 


i A i 


400 


80,0 


1:0,20 


2,22 1 


3.35 




400 


95,0 


1:0,24 


2,02 i 


2,32 


\ C I 


400 


105,3 


1:0,26 


2,12 ! 


2,68 


D ! 


400 


102,7 


1 :0,26 


1,91 1 


2,06 




400 


100.0 


1:0.25 


2,22 ! 


3,09 


F 1 


400 


i 118,7 


1:0,30 


2.19 j 


3.18 



Final Products: 

After storing for >4d, the pH values of the mixtures are determined after l-180min 
stirring. 



No. 


Proportion 
filter salt 

rei 


Proportion 

limestone 
powder 
Tel 


Mass ratio 
filter salt/ 
limestone 
powder 


DIN 
ph 
after 

r 


DIN 

ph 
after 

5' 


DIN 
ph 

after 
15' 


DIN 
ph 
after 
30' 


DIN 
ph 

after 
60' 


DIN 
ph 
after 
180' 




400 


80,0 


1 


0.20 


2,19 


2.2£ 1 2,89 


2,76 


4.29 


4,31 


1 B 


400 


96.0 


1 


0.24 


1,97 


2,01 1 2,13 


2,36 


2,89 


4,24 j 


!' C 


400 


105,3 


1 


0,26 


2,03 


2,25 1 2.43 


2,78 


3.81 


4,64 




400 


102,7 


1 


0,26 


1,91 


1,yO 1 1,94 


2.07 


2.46 


4.27 




400 


100.0 




0,25- 


2.10 


2,S9 1 2,82 


3.45 


3,96 


4»39 


i F 


400 


118J 


1 


0,3C 


2,00 


2.C6 i 2.17 


2.41 


3.07 


4,33 
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Page 2 of the Test Report No. F 7067/3 



1 Procedure 

crenox Pigments GmbH, Krefeld, appointed the Institute of Building Materials Research 
Aachen (ibac) to test the efficiency and resistance of ferrous sulfate as a chromate 
reducing agent (CR). 

This report contains the results of tests carried out with 9 different chromate reducing 
agents (CR) delivered by the contractor in October and December 2010 to ibac. The 
efficiency was tested using the CEM I 52.5 N, which was made available by the 
contractor. 



2 Preparation of samples 

The delivered chromate reducing agents were carefully crushed in a mortar in order to 
guarantee homogeneity during the process of addition to the cement. 



3 Laboratory tests - Examination of efficiency 

First of all, the contents of ferrous ions in the different chromate reducing agents were 
determined and the respective stoichiometric amount of chromate reducing agents was 
calculated that is necessary to fully reduce the chromate content of the cement used for 
the further tests. To test the efficiency of the chromate reducing agents, the cement was 
mixed with the eight-fold stoichiometric amount. 

The mixtures of cement and chromate reducing agents were homogenized by shaking for 
a time period of 24 hours. Subsequently, the chromate content of these mixtures was 
directly determined. 

The determinations of the chromate values in all mixtures were performed 
photometrically according to DIN EN 196-10/1/. The results are summarized in Table 1. 
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Page 3 of the Test Report No. F 7067/3 



Table 1 Results of the determination of chromate according to DIN EN 196-10; 

determination directly after mixing the cement with the chromate reducing 
agent (eight- fold stoichiometric CR dosage) 



Chromate reducing agents 


CR dosage 


chromate content of the 
cement mixture 


g CR/kg cement 


mg/kg 


1 


2 


3 


none 




13.0 


VlO/18 sample A (1) 


2.1277 


0.13 


VI 0/1 8 samples (2) 


2.5381 


1.11 


VlO/18 sample C (3) 


2.7322 


1.89 


V10/17sampleA(7) 


1.9231 


0.33 


VlO/17 samples (8) 


2.2026 


0.04 


VlO/17 sample C (9) 


2.4631 


0.04 


VlO/17 sample D (10) 


2.3855 


0.04 


VlO/17 sample E (11) 


2.5227 


0.04 


VlO/17 sample F (12) 


2.6330 


1.61 



4 Literature 



/I/ DIN EN 196-10:2006-10 Methods of testing cement, part 10: Determination of the 
water-soluble chromium (VI) content of cement 
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